The taxonomic status of two aerobic, Gram-stain-negative, orange-reddish pigmented, motile, rod-shaped bacteria, designated KMM 9415 T and KMM 9416, isolated from a deep surfacesediment sample from the Sea of Japan, was defined. The genus Devosia was created by Nakagawa et al. (1996) Here, we report the isolation and characterization of two aerobic, Gram-negative, orange-reddish pigmented, motile, rod-shaped bacteria, designated KMM 9415 T and KMM 9416, from a deep-sea surface-sediment sample. Phylogenetic analysis based on 16S rRNA gene sequence showed that strains KMM 9415 T and KMM 9416 clustered with members of the genus Devosia and may represent a novel species of this genus. On the basis of phenotypic and molecular data obtained, a novel species, Devosia submarina sp. nov., is described.
The genus Devosia was created by Nakagawa et al. (1996) as a result of the reclassification of 'Pseudomonas riboflavina' (Foster 1944) and emended subsequently by Rivas et al. (2003) , Yoo et al. (2006) , Yoon et al. (2007) and Zhang et al. (2012) . At the time of writing, the genus Devosia comprises 13 species: Devosia riboflavina (Nakagawa et al., 1996) , as the type species of the genus, Devosia neptuniae (Rivas et al., 2003) , Devosia limi (Vanparys et al., 2005) , Devosia soli (Yoo et al., 2006) , Devosia subaequoris (Lee, 2007) , Devosia insulae (Yoon et al., 2007) , Devosia yakushimensis (Bautista et al., 2010) , Devosia chinhatensis (Kumar et al., 2008) , Devosia geojensis (Ryu et al., 2008) , Devosia albogilva and Devosia crocina (Verma et al., 2009) , Devosia psychrophila and Devosia glacialis (Zhang et al., 2012) . Members of the genus Devosia have been mainly isolated from terrestrial soil sources; D. subaequoris was isolated from beach sediment (Lee, 2007) . With regard to species of marine origin, 'Candidatus Devosia euplotis' has been proposed by Vannini et al. (2004) for endosymbiotic bacteria of marine ciliates.
Here, we report the isolation and characterization of two aerobic, Gram-negative, orange-reddish pigmented, motile, rod-shaped bacteria, designated KMM 9415 T and KMM 9416, from a deep-sea surface-sediment sample. Phylogenetic analysis based on 16S rRNA gene sequence showed that strains KMM 9415 T and KMM 9416 clustered with members of the genus Devosia and may represent a novel species of this genus. On the basis of phenotypic and molecular data obtained, a novel species, Devosia submarina sp. nov., is described.
Two bacterial strains, KMM 9415
T and KMM 9416, were isolated from a deep surface-sediment sample obtained from the Sea of Japan during the Russian-German deepsea expedition (SoJaBio), R/V Akademik Lavrentyev were kindly provided by the respective culture collections and used in the phenotypic and lipid analyses. Gramstaining, oxidase and catalase reactions, and motility (the hanging drop method) were determined as described by Gerhardt et al. (1994) . The morphology of cells negatively stained with a 1 % phosphotungstic acid was examined by transmission electron microscopy (Libra 120, Carl Zeiss; provided by the Institute of Marine Biology FEB RAS) using carbon-coated 200-mesh copper grids. Formation of H 2 S from thiosulfate was tested using a lead acetate paper strip. Hydrolysis of L-tyrosine, gelatin, casein, chitin, starch, DNA, Tween 80, xanthine and hypoxanthine were examined according to the standard methods described by Gerhardt et al. (1994) . Nitrate reduction was tested for strains grown in nitrate broth (sulfanilic acid/a-naphthylamine test). Acid production from carbohydrates was examined using the oxidation/fermentation medium of Leifson (1963 using various concentrations of NaCl in the range 0-20 %. Citrate utilization was tested on Simmons citrate agar (HiMedia). Biochemical tests were carried out using API 20NE, API ID32 GN and API ZYM test kits (bioMérieux) as described by the manufacturer. Growth at different temperatures (4-44 u C) and antibiotic tolerance were studied as described previously (Romanenko et al., 2004 (Romanenko et al., , 2005 T were grown on R2A agar (BD Difco) at 20 u C for three days. Lipids were extracted using the extraction method of Folch et al. (1957) . Two-dimensional TLC of polar lipids was carried out on Silica gel 60 F 254 (10610 cm; Merck) using chloroform : methanol : water (65 : 25 : 4, by vol.) for the first direction, and chloroform : methanol : acetic acid : water (80 : 12 : 15 : 4, by vol.) for the second direction (Collins & Shah, 1984) . Non-specific detection of lipids on the TLC plate was conducted with 10 % H 2 SO 4 in methanol at 180 u C. Amino-containing lipids were determined with ninhydrin, phospholipids with molybdate reagent, glycolipids with alpha-naphthol, and choline lipids with Dragendorff's reagent. Respiratory lipoquinones were analysed by reversed-phase HPLC as described by Mitchell & Fallon (1990) . Fatty acid methyl esters (FAMEs) were prepared according to the procedure of the Microbial Identification System (MIDI) (Sasser, 1990) . The analysis of FAMEs was performed using a GC-17A chromatograph (Shimadzu) equipped with capillary columns (30 m60.25 mm internal diameter), one coated with Supecowax-10 and the other with SPB-5. Identification of FAMEs was accomplished by equivalent chain-length values and comparing the retention times of the samples to those of standards. In addition, FAMEs were analysed using a GLC-MS Shimadzu GC-MS model QP5050 (column MDM-5S, temperature programme from 140 u C to 250 u C at a rate of 2 u C min
21
). The 16S rRNA gene sequences of strains KMM 9415
T and KMM 9416, containing 1442 and 1463 nt, respectively, were determined as described by Shida et al. (1997) . The sequences obtained were compared with 16S rRNA gene sequences retrieved from the EMBL/ GenBank/DDBJ databases by using the FASTA program (Pearson & Lipman, 1988) . Phylogenetic analysis of 16S rRNA gene sequences was performed using the software package MEGA 5 (Tamura et al., 2011) after multiple alignment of data by the NAST algorithm (DeSantis et al., 2006) . Phylogenetic trees were reconstructed by the neighbourjoining, maximum-likelihood and maximum-parsimony methods and distances were calculated according to the Kimura two-parameter model. The robustness of phylogenetic trees was estimated by the bootstrap analysis of 1000 replicates. DNA-DNA hybridization experiments were performed by the photobiotin-labelled DNA probe microplate method of Ezaki et al. (1989) . The DNA-DNA hybridization values are given as means of at least two experiments.
Comparative 16S rRNA gene sequence analysis revealed that strains KMM 9415 T and KMM 9416 belonged to the genus Devosia, displaying the highest sequence similarity of 98.5 % to each of D. psychrophila DSM 22950 T and D. glacialis LMG 26051 T , which were recovered from glacier cryoconite (Zhang et al., 2012) ; similarity values of below 97.7 % to the remaining species of the genus Devosia were observed (Fig. 1) . The 16S rRNA gene sequence similarities obtained for strains KMM 9415 T and KMM 9416 and most species of the genus Devosia were lower that the threshold similarity value of 97 % proposed by Stackebrandt & Goebel (1994) and re-evaluated to 98.7 % by Stackebrandt & Ebers (2006) T , respectively, indicating that the novel isolates should be assigned to the same separate species according to the threshold value of 70 % proposed by Wayne et al. (1987) for bacterial species delineation.
Cultural, physiological and metabolic properties of strains KMM 9415
T and KMM 9416 and related members of the genus Devosia are listed in Table 1 and in the species description. The novel isolates were aerobic, Gram-stainnegative, orange-reddish pigmented, rod-shaped bacteria, motile by means of 2-7 polar and lateral flagella (Fig. 2) . At the same time, the strains were not identical to each other in their phenotypic traits. Strain KMM 9416 differed by positive gelatin hydrolysis and nitrate reduction in routine tests, and its antibiotic resistance profile (Table 1) . Fatty acid profiles were similar, with a large proportion of C 18 : 1 v7c found in all strains tested independent of the culture conditions, though some quantitative and qualitative differences were observed ( T were cultivated under the same conditions on R2A agar at 20 u C as described by Zhang et al. (2012) . For comparison purposes, the fatty acid profiles of the four above strains were examined as shown in Table S1 (available in IJSEM Online). It was observed that the content of C 10 : 0 3-OH significantly increased and proportions of T did not contain C 10 : 0 3-OH compared with the other strains (Table S1 ). The polar lipid composition of strains KMM 9415 T and KMM 9416 and related species was found to be similar and included phosphatidylglycerol, phosphatidic acid and unknown glycolipids. Strains D. psychrophila DSM 22950 T and D. glacialis LMG 26051 T were distinguished from related strains by the absence of unknown glycolipid GL2 (Fig. S1 ). In the present study, diphosphatidylglycerol was not found in any of the strains tested, which disagrees with the results of Zhang et al. (2012) 
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Devosia submarina KMM 9415 T (AB712348) Fig. 1 . Neighbour-joining tree based on 16S rRNA gene sequences showing relationships of the isolates KMM 9415 T , KMM 9416 and species of the genus Devosia. Filled circles, generic branches that are present in phylogenetic trees generated by the neighbour-joining, maximum-likelihood and maximum-parsimony methods; open circles, generic branches that are present in trees generated by the neighbour-joining and maximum-likelihood methods. Numbers at nodes are bootstrap values (%) based on 1000 replicates (neighbour-joining probability/maximum-likelihood probability/maximum-parsimony probability). Values lower than 70 % are not shown, or indicated by an asterisk. Bar, 0.01 substitutions per nucleotide position.
It is evident from the results obtained that the novel isolates can be assigned to the genus Devosia on the basis of their physiological, biochemical and chemotaxonomic characteristics. The strains KMM 9415 T and KMM 9416 could be distinguished from related species of the genus Devosia by colony pigmentation (except D. crocina CMM 7425 T ), being able to form 2-7 polar and lateral flagella, being able to grow with 5 % NaCl (except D. crocina CMM 7425 T and D. albogilva CMM 7427 T ), being able to hydrolyse tyrosine, and not being able to assimilate most compounds that are included to the API 20 NE and API 32GN strips, as well as by enzyme activities in API ZYM and their antibiotic sensitivity profiles. Differential phenotypic characteristics are listed in Table 1 . Strains KMM 9415 T and KMM 9416 differed in both the number and arrangement of flagella from most of the closely related species, which are characterized by having a single polar flagellum, as well as from D. riboflavina JCM 21244 T , with Gram-stain-negative, aerobic, oxidase-positive, catalasepositive, orange-reddish-pigmented, rod-shaped cells, 0.9-1.1 mm in diameter and 1.4-1.8 mm in length, motile by means of 2-7 polar, bipolar and lateral flagella. Grows on MA, R2A and TSA agar and in MB and TSB. Produces orange-reddish-pigmented, hemi-transparent, shiny colonies with regular edges of 2-4 mm in diameter. Growth occurs with 0-5 % NaCl (optimal 1-2 %), and at 5-38 u C (optimal 28-30 u C). The pH range for growth is 6.0-9.0 with an optimum of 7.0-8.0. Negative for casein, DNA, chitin, starch, Tween 80, xanthine and hypoxanthine hydrolysis, and H 2 S production. Gelatin hydrolysis and nitrate reduction are strain-dependent in conventional tests (type strain reactions are negative). On L-tyrosinecontaining medium, produces black-brown pigments and forms transparent zones. Negative for acid production from D-glucose, D-fructose, maltose, lactose, D-galactose, cellobiose, sucrose, D-xylose, raffinose and glycerol. According to API 20NE, positive for aesculin hydrolysis and PNPG test, and negative for gelatin hydrolysis, nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, assimilation of D-glucose, D-mannitol, maltose, D-gluconate, L-malate, D-mannose, L-arabinose, N-acetylglucosamine, caprate, adipate, citrate and phenylacetate. According to ID32 GN, positive for assimilation of potassium 2-ketogluconate and L-proline, negative for assimilation of L-rhamnose, N-acetylglucosamine, D-ribose, inositol, sucrose, maltose, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-serine, D-mannitol, D-glucose, salicin, 
